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(57) Abstract 

The detection system of the scanning electron microscope with the tube separated from the sample chamber (1 1) by means of the 
differential chamber (2) consists of the single-crystal scintillator (6) with the aperture stop (9); said single-crystal scintillator (6) is divided 
into two halves, and based on double yttrium-ahirninium oxides or on yttrium silicate activated by bivalent cerium, and having the central 
conical opening (46), smaller base of which is on the side near to incidence of the primary electron beams, and forms the aperture stop 
(9). Said conical opening (46) is coated with the reflecting metal layer (37) on the contact areas of the both halves, and with the reflective 
layer (34) of dielectric and heavy metal on its inner surface, The single-crystal scintillator (6) is placed between the left and the right 
lightguides (18, 19) in space of the sample chamber (1 1) above the sample (10). From the external bottom (3) of the differential chamber, 
it is separated with the sealing (45), and from the side of the sample (10) placing, it is equipped with the circular electrode system (7) 
consisting of at least two electrodes (27, 28) symmetrical around the axis (47) of die primary electron beams (33). 
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1 

SCANNING ELECTRON MICROSCOPE DETECTION SYSTEM 
Thpt^yiigrf field 

The invention relates to a scanning electron microscope for observation of samples and 
processes in wet or liquid environment. 

5 The state of the art 

The scanning electron microscope with the tube separated from the sample chamber by 
the differential chamber allowing samples observation by means of an electron beam and 
detection of back scattered or emitted signal electrons at pressure, which is higher than the 
vacuum in the microscope tube and than the pressure in the differential chamber are, is 

10 described eg. in EP 022,356 (US 4,596,928) and EP 330,3 10 (US 4,823,006) and indicated as 
the environmental scanning electron microscope. This microscope can achieve a high 
resolution of electron images of wet, possibly non-conductive samples, eg. biological or 
vegetable tissues, foods, plastics and ceramics which can be hardly displayed under usual 
vacuum conditions of the scanning electron microscope. Dynamic processes, eg. liquid flow, 

15 chemical reactions, crystallization, dissolution and other processes proceeding under 
comparatively high pressures of water vapour can be observed with the environmental 
scanning electron microscope. 

The mentioned EP 022,356 (US 4,596,928) together with US 4,992,662 also desribe 
the separation of the microscope tube from the sample chamber containing gas with relatively 

20 high pressure. The separation of high vacuum from very low vacuum, as well as the 
simultaneous detection of signal electrons and ions by means of an aperture stop and an 
electrode in the lens placed in the microscope tube to be contained, are also described in 
already quoted EP 330,310 (US 4,823,006). The use of gas medium of the sample chamber for 
an amplification of secondary electrons emitted from the sample after the incidence of primary 

25 electron beams upon the sample is described in the US patent No. 4,785,182. Further, the 
arrangement for the detection of signal electrons and ions using some circular electrodes with 
different voltages is described in the US patent No. 4,897,545 (WO 90/04261). The fact, that it 
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solves neither undesirable signal collections nor possible noise elimination, is its disadvantage. 
It also does not solve the separation of secondary electrons from back scattered electrons, 
which minimizes the resolving power of the microscope. If the electrode is placed above the 
sample according to the US patent No. 4,880,976 (WO 88/01099), emission of ions originated 

5 by the collision of secondary electrons with gas molecules is used for secondary electron 
detections. The disadvantage is that the ionized molecules of gases generated by back 
scattered electrons are not separated, which has a negative impact on the resolving power of 
the microscope. In the US patent No. 5,362,964 the electrode integrated with the aperture stop 
is given. The electrode is placed above a circular wire electrode under which the sample is 

10 positioned. The secondary electrons generated from the sample are detected by the circular 
wire electrode while the undesirable secondary electrons generated after the collision of back 
scattered electrons with gas molecules are detected by the electrode integrated with the 
aperture stop. However, it is not resulting in a clear image of secondary electrons but in an 
image formed by a higher portion of secondary electrons and a lower portion of back scattered 

15 electrons, which only causes the topographical constrast increasing. 

The detector of back scattered electrons is solved by the arrangement according to 
already quoted EP 022,356 (US 4,596,928) the subject-matter of which is the aperture stop 
constituted by scintillation material or semiconductor detector, the aperture stop separates 
vacuum and pressure mediums. The disadvantage of this invention is that it records only the 

20 material constrast, not the topographical contrast Also the scintillation detector devided into 
two halves for reading signals is known; it allows to gain the topographical contrast but it 
reduces the signal of back scattered electrons as a result of their shielding with the aperture 
stop material. The disadvantage of semiconductor detectors of bade scattered electrons is also 
to incline to easy contamination of their surfaces which is increased especially in connection 

25 with an increase of pressure and humidity in the sample chamber, which has a negative 
influence on the detector efficiency. 

The nature of the invention 



30 



The above mentioned disadvantages are eliminated by the detection system in the 
scanning electron microscope with the tube separated from the sample chamber by means of 
the differential chamber. The detection system is composed of a single-crystal scintillator with 
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the aperture stop; the scintilator is divided into two halves. The single-crystal scintillator based 
on double yttrium-aluminium oxides or on yttrium silicates being activated by trivalent cerium 
have a conical opening in its centre, smaller base of which is on the side near to incidence of 
the primary electron beams* and forms the aperture stop. The conical opening has a reflecting 

5 metal layer on contact areas of both halves, and the reflecting layer of dielectic and heavy metal 
on its inner surface. The single-crystal scintillator is situated between right and left lightguides 
in the sample chamber above the sample. From the external bottom of the differential chamber, 
the single-crystal scintillator is separated using a sealing; on the side where the sample is 
positioned, it has a circular electrode system containing at least two electrodes being 

10 symmetrical around the axis of the primary electron beams. 

The detection system can be arranged in two levels. In this case the single-crystal 
scintillator forms the first level. The single-crystal scintillator of the second level, also based on 
double yttrium-aluminium oxides or on yttrium silicates being activated by trivalent cerium, and 
divided into two halves, is positioned co-axially over the single-crystal scintillator of the first 

15 level. The single-crystal scintillator of the second level has the second conical opening in its 
centre having the reflecting metal layer on the contact surfaces of the both halves. Said single- 
crystal scintillator of the second level, coated with the ring of the reflecting layer of dielectric 
and heavy metal from the side reversed to incidence of the primary electron beams, and having 
greater base of the second conical opening being situated on the side near to incidence of the 

20 primary electron beams, is positioned between the left and the right lightguides of the second 
level in the differential chamber, and it is provided with the circular electrode on its bottom 
base. 

In the both above mentioned cases, it is advantageous, if a single-pole magnetic lens is 
situated below the single-crystal scintillator respectively below the single-crystal scintillator of 
25 the first level. In this way, the collection of secondary electrons being incident upon the 
electrode system will be better. 

The single-crystal scintillators of the first and the second levels are advantageously 
constituted by circular, square or rectagular plates divided into two halves symmetrically. 
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For a correct function of the detection system, the following arrangement is 
advantegeous: the conical openings in the single-crystal scintillators of the first as well as the 
second levels have an angle 40°-70°. 

Better transmission of light through the single-crystal scintillator - the lightguide 
5 interface is provided by the arrangement when peripheral jackets of the halves of the single- 
crystal scintillators of the first and the second levels are coated with antireflecting dielectric 
layers. 

To obtain the desired parameters of the device, it is advantageous if the right and the 
left single-crystal scintillators of the first level as well as the left and the right single-crystal 
10 scintillators of the second level are made from single crystals of yttrium-alluminium garnet 
doped with cerium or from single crystals of yttrium-aluminium perovskite doped with cerium 
or from single crystals of yttrium silicates doped with cerium. 

Further, for utilization of specific properties of individual materials, the arrangement is 
advantageous, when the left single-crystal scintilators of the second and the first levels are 
IS combined from single crystals of yttrium-aluminium garnet doped with cerium or from single 
crystals of yttrium-aluminium perovskite doped with cerium or from yttrium silicate doped with 
cerium. 

To prevent a light transmission from one half of the scintilator to the other one, the 
arrangement is advantageous when the contact areas of the halves of the first and the second 
20 levels have the reflecting dielectric layers under the reflecting metal layers. 

From the point of view of a correct function, it is also advantageous if the electrodes of 
the circular electrode system of the single-crystal scintilator of the first level, and the circular 
electrode located on the bottom base of the single-crystal scintillator of the second level are 
constituted by conductive oxide layers. 

25 Further, from the point of view of an optimal function, it is also advantageous if the 

reflecting layers of dielectric and heavy metal are 100-1000 nm thick, and the conductive oxide 
layers of the circular electrode and the circular electrode system are 0.5-10 nm thick. 
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The detection system according to the invention enables sufficiently distinguish the 
undesirable signals, which has possitive effect on the increase in the material contrast and also 
on noise suppression. The merit of the invention is that ionized molecules of gases are 
separated by back scattered electrons, which increases the resolving power of the microscope 
5 substantially. Another advantage of the arrangement according to the invention is the obtained 
clear image of secondary electrons showing a high portion of the topographic contrast while 
the full signal of back scattered electrons is kept No less important is also that surface 
contamination of the detection system has only a very little effect on the detector efficiencies. 



10 Drawings overview 

The invention shall be explained in more detail below with reference to drawings. Fig. 1 
is a schematic diagram of the detection system with one single-crystal scintillator, fig.2 shows a 
" detail of said single-crystal scintillator from the side of incidence of the primary electron beams, 
and fig. 3 represents the detail of the single-crystal scintillator seen from the side of the 
15 sample, and completed with the electrode system. Fig. 4 illustrates the detection process of the 
system with one single-crystal scintillator. Fig. 5 is a schematic diagram of the detection system 
with two levels, fig. 6 presents a detail of the single-crystal scintillator of the second level, and 
fig. 7 shows the detection process. 

Examples 

20 The detection system according to fig. 1 to 4 consists the single-crystal scintillator 6 

constituted by square plates divided symmetrically into two mutually connected halves forming 
the left single-crystal scintillator 22 and the right single-crystal scintillator 22. The single-crystal 
scintillator 6, which is made from yttrium-aluminium garnet doped with cerium (Y 3 Al 5 0i 2 :Ce, 
YAG:Ce), is connected to the left and the right lightguides 19 and 18 using e.g. optical 

25 adhesive 40, and is placed in the sample chamber J_L continuing the differential chamber 2. 
The angle-crystal scintillator is separated from the external bottom 3 of the differential 
chamber 2 by means of the sealing 45. The differential chamber 2 is separated from the pole 
piece I of the non-demonstrated lens of the microscope tube by the aperture stop 15. The 
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conical opening 46 having an angle 45° with the aperture stop 2, constituted by its smaller base 
on the side towards incidence 44 of the primary electron beams 33, is in the centre of the 
single-crystal scintillator 6. The conical opening 46 has the 300 nm thick system of the 
reflecting layer 34 of dielectric and gold on its inner surface. From the side where the sample 

5 10 is placed, the single-crystal scintillator 6 is provided by the circular electrode system 7 being 
symmetrical around the axis 47 of the primary electron beams, and containing the electrode 26 
and the external electrode 28 which are constituted by the conductive oxide layer 5 nm thick. 
Vacuum pumping out of the differential chamber 2, the pole piece I and the sample chamber 
JUL is provided by means of flanges 12, 13 and 14. The peripheral jackets of the left and the 

10 right single-crystal scintillators 23 and 22 are coated with the antireflecting layer 39. The 
contact areas of the left and the right single-crystal scintillators 21 and 22 mutually connected 
with adhesive 38 are coated with the reflecting dielectric layer 36 and the reflecting metal layer 
37 adhering to it 

Another example is shown schematically in the fig. 5. Here, the detection system 

15 consists of two single-crystal scintillators forming two levels, where the above described single- 
crystal scintillator 6 is used as the first level, and the single-crystal scintillator 4 of the second 
level, constituted e.g. by a circular plate divided symetrically into two mutually connected 
halves, namely into the left single-crystal scintilator 2Q and the right single-crystal scintillator 
2L is placed in the differential chamber co-axially above the single-crystal scintillator 6 of the 

20 first level. The single-crystal scintillator of the second level 4 bring also made from yttrium- 
aluminium garnet doped with cerium (Y3Al 3 0i 2 :Ce, YAG:Ce) is connected with the left and 
the right lightguides 17 and 16 using optical adhesive 40. The single-crystal scintillator 4 of the 
second level, constituted by the left angle-crystal scintillator 20 and the right single-crystal 
scintillator 21 of the second level, has the second conical opening 42 with an angle 45° in its 

25 centre, greater base 43 of which is on the side towards incidence 44 of the primary electron 
beams 33. On its bottom base, the single-crystal scintillator 4 of the second level has the 
circular electrode 5 constituted by conductive oxide layer 5 nm thick, and by the ring 35 of 
reflecting layer of dielectric and gold 300 nm thick on the opposite side. Below the single- 
crystal scintillator 6 of the first level, the single-pole magnetic lens 8 is placed. Vacuum 

30 pumping out of the differential chamber 2, the pole piece 1 and the sample chamber U is also 
provided by means of flanges 12, 13 and 14. 



WO 98/40906 



7 



PCT/CZ98/00014 



The peripheral jackets of the left and the right angle-crystal scintillators 2Q and 21 of 
the second level are coated with the antireflecting layer 22 according to fig. 6. The contact 
areas of the left and the right single-crystal scintillators 20, 21 mutually connected with 
adhesive 38 are coated with the reflecting dielectric layer 36 and the reflecting metal layer 37 
5 adhering to it 

In the both cases, the function principle indicated in fig. 4 and 7 is in substantial 
equality, and therefore it will be described for two-level arrangement The primary electron 
beams 22 pass through the pole piece 1, the apeture stop 11 and through the differential 
chamber 2 , and enter the sample chamber H in which the sample 10 is placed in central axis 

10 of the magnetic field of the single-pole magnetic lens &. The pole piece L the differential 
chamber 2 and the sample chamber U are pumped out differentially - e.g. the pressure is 10" 3 
in the pole piece I area, 10 Pa in the differential chamber 2, and 1000 Pa in the sample 
chamber UL Interaction of the primary electron beams 33 in the place of incidence 44 upon 
the sample 10 causes generation of signal electrons consisting secondary electrons 22 and back 

15 scattered electrons at high and low angles of scanning 24, 25. The lightguides 16, 17, 18, 19 
divot generated photons to the photomultiplier, which is not drawn here, where they are 
treated to image information. Secondary electrons 29 spreading helically around the axis 47 of 
the primary electron beams 31 in the magnetic field of the angle-pole magnetic lens 8, pass 
through the aperture stop 2 and enter the differential chamber 2 where they deviate from their 

20 initial helical trajectory because of the shrinking magnetic field of the single-pole magnetic lens 
£. Secondary electrons 22 are accelerated to the circular electrode 5 of the single-crystal 
scintillator of the second level 4 by means of electrostatic field which arises from the positive 
potential on the circular electrode 5. Secondary electrons 29 are detected in the single-crystal 
scintillator of the second level 4, which results in the topographical image. Secondary electrons 

25 22 ionize gas molecules, and ions 30 move to the differential chamber 2 also helically. 

Back scattered electrons, the trajectory of which is only little influenced by the 
magnetic field of the single-pole lens 8, pass through the electrode system 7 and hit the single- 
crystal scintillator £ of the first level, and they are detected in this way, that the result is the 
material constrast of the sample 10. Reading the signals of the left and the right scintillators 
30 22. 22 of the first level the topographical contrast of the sample 10 is obtained. Electrons back 
scattered from the sample 10 in high angle scanning 24 pass through the aperture stop 9 and 
through the circular electrode 5 of the single-crystal scintillator 4 of the second level where 
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they are detected. The result of this detection is the material constrast. In the case of reading 
the signals from the left and the right single-crystal scintillators 20. 21 of the second level, the 
result is the topografical contrast. 

If positive voltage is supplied to the electrode system 7 of the single-crystal scintillator 
5 6 of the first level, ions 30 generated by collisions of back scattered electrons 29 as well as ions 
31 which has been generated by collisions of bade scattered electrons in low scanning angle 25 
with gas molecules, are accelerated towards the electrode system 7, which allows their 
detection. 

Resulting image information is controlled by the sample 10 position, by the magnetic 
10 field of the single-pole magnetic lens 8, by the concentration of the secondary electrons 29 on 
the circular electrode 5, by the electrode system 7, by the collection of back scattered electrons 
in the single-crystal scintillators 6, 4 of the first and the second levels, and by the collection of 
tons in the electrode system 7. 

Under high pressure in the sample chamber H, the sample 10 is placed as near as 
15 possible to the detector; size of the opening, i.e. the aperture stop 9 plays the significant role. 
In the case of the one-level arrangement of the detection system, the great part of back 
scattered electrons returns to the differential chamber % In the case that the second level is 
used, back scattered electrons are captured and treated The advantage of the two-level 
arrangement is that four independent signals can be obtained as a result of devided 
20 arrangement of the single-crystal scintillators. After mathematic treatment of respective signals, 
i.e. after their addition or subtraction, increase of the material respectively the topografical 
contrasts of sample 10 observed can be achieved. 



The industrial applicability 

25 The invention can be applied in the industrial branches where it is necessary to observe 

a surface structure of materials containing water or heavy liquids using electron microscopy 
with great magnification, and possibly to observe the surface structure of non-conductive 
materials with great magnification and great resolution. The invention can be applied eg. in 
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electrotechnology, semiconductor technique, in ceramic, glass and textile industries, in rubber, 
pharmaceutical and chemical industries, at plastics processing, in biology and medicine. 
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Qaims 

1., Detection system of a scanning electron microscope with the tube separated from the 
sample chamber by means of the differential chamber consisting the single-crystal 
scintillator with the aperture stop divided into two halves characterized in th 
a t the single-crystal scintillator (6) based on double yttrium-aluminium oxides or on 
yttrium silicates activated by trivalent cerium, has the conical opening (46) in his centre 
whose smaller base is on the side near to incidence of the primary electron beams (33), 
and constitutes the aperture stop (9), and having said conical opening (46) being coated 
with the reflecting metal layer (37) on the contact surfaces of both halves, and with the 
reflecting layer (34) of dielectric and heavy metal on the inner surface, and where said 
single-crystal scintillator (6) is positioned between the right and the left lightguides 
(18,19) in the sample chamber (1 1) above the sample (10), while it is separated from the 
external bottom (3) of the differential chamber (2) by the sealing (45), and from the side 
of the sample (10) placing it is equipped with the circular electrode system (7) consisting 
at least two electrodes (27,28) symmetrical around the axis (47) of the primary electron 
beams (33). 

2., Detection system of claim 1 characterized in that the angle-crystal 
scintillator (6) forms the first level, and co-axially above said single-crystal scintillator 
(6) of the first level, the single-crystal scintillator (4) of the second level is placed being 
based on double.yttrium-aluminium oxides or on yttrium silicates activated by trivalent 
cerium, and divided into two halves, and having the second opening (42) in its centre 
coated with the reflecting metal layer (37) on the contact surfaces of the both halves, 
where said single-crystal scintillator (4) of the second level equipped with the ring (35) of 
the reflecting layer of dielectric and heavy metal from the reverse side of incidence (44) 
of the primary electron beams (33), and having greater base of the second conical 
opening (42) on the side towards incidence (44) of the primary electron beams (33), is 
placed between the left and the right lightguides (17,16) in the differential chamber (2), 
and it is equipped with the circular electrode (5) on its bottom base. 
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3., Detection system of claim 1 or 2 characterized in that the single-pole 
magnetic lens (8) is placed below the single-crystal scintillator (6). 

4., Detection system of claim 1 characterized in that the single-crystal 
scintilator (6) is constituted by a circular plate divided into two halves symmetrically and 
connected each other. 

5., Detection system of claim 1 characterized in that the single-crystal 
scintillator (6) is constituted by a square plate divided into two halves symmetrically and 
connected each other. 

6., Detection system of claim 1 character i zed in t h a t the single-crystal 
scintillator (6) is constituted by a rectangular plate divided into two halves symmetrically 
and connected each other. 

7., Detection system of claim 2 characterized in that the single-crystal 
scintillator (4) of the second level is constituted by a circular plate divided into two 
halves symmetrically and connected each other. 

8., Detection system of claim 2 characterized in that the single-crystal 
scintillator (4) of the second level is constituted by a square plate divided into two halves 
symmetrically and connected each other. 

9., Detection system of claim 2 characterized in that the angle-crystal 
scintillator (4) of the second level is constituted by a rectangular plate divided into two 
halves symmetrically and connected each other. 

10., Detection system of claims 1 characterized in t h a t the conical opening 
(46) has an angle 40°-70°. 

11., Detection system of claims 2 characterized in that the conical opening 
(42)hasanangle40°-70°. 
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12., Detection system of claims 1 and 2 characterized in that the peripheral 
jackets of the halves of the single-crystal scintillators of the first level (6) and the second 
level (4) are coated with the antireflecting dielectric layer (39). 

13., Detection system of claim 1 characterized in that the right and the left 
single-crystal scintillators (22,23) of the first level are made from single crystals of 
yttrium-aluminium garnet doped with cerium. 

14., Detection system of claim 1 characterized in that the right and the left 
single-crystal scintillators (22,23) of the first level are made from single crystals of 
yttrium-aluminium perovskite doped with cerium. 

15., Detection system of claim 1 characterized in that the right and the left 
single-crystal scintillators (22,23) of the first level are made from single crystals of 
yttrium silicate doped with cerium. 

16., Detection system of claim 2 characterized in that the right and the left 
single-crystal scintillators (20,21) of the second level are made from single crystals of 
yttrium-aluminium garnet doped with cerium. 

17., Detection system of claim 2 characterized in that the right and the left 
single-crystal scintillators (20,21) of the second level are made from single crystals of 
yttrium-aluminium perovskite doped with cerium. 

18., Detection system of claim 2 characterized in that the right and the left 
angle-crystal scintillators (20,21) of the second level are made from single crystals of 
yttrium silicate doped with cerium. 

19., Detection system of claim 2 characterized in that the left single-crystal 
scintillator (20) of the second level, the left single-crystal scintillator (23) of the first 
level, the right single-crystal scintillator (21) of the second level, and the right single- 
crystal scintillator (22) of the first level are combined from single crystals of yttrium- 
aluminium garnet doped with cerium or from angle crystals of yttrium-aluminium 
perovskite doped with cerium or from yttrium silicate doped with cerium. 
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20., Detection system of claim I characterized in that the left single-crystal 
scintillator (23) of the first level and the right angle-crystal scintillator (22) of the first 
level have the reflecting dielectric layer (36) under the reflecting metal layer (37) on their 
contact areas. 

5 21., Detection system of claim 2 characterized in that the left single-crystal 
scintillator (20) of the second level and the right single-crystal scintillator (21) of the 
second level have the reflecting dielectric layer (36) under the reflecting metal layer (37) 
on their contact areas. 

22., Detection system of claim 1 characterized in that the electrodes of the 
10 circular electrode system (7) are constituted by a conductive oxide layers. 

23., Detection system of claim 22 characterized in that the conductive oxide 
layer of the circular electrode system (7) is 0.5-10 run thick. 

24., Detection system of claim 2 characterized in that the circular electrode 
(5) is constituted by a conductive oxide layer. 

15 25., Detection system of claim 24 characterized in that the conductive oxide 
layer of the circular electrode (5) is 0.5-10 nm thick. 

26., Detection system of claim 1 characterized in t h a t the reflecting layer (34) 
of dielectric and heavy metal is 100-1000 nm thick. 

27., Detection system of claim 2 characterized in that the ring (35) of the 
20 reflecting layer of dielectric and heavy metal is 100-1000 nm thick. 
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